The most difficult but important problem in advance driver assistance system development is how to measure and model the behavioral response of drivers with focusing on the cognition process. This paper describes driver's deceleration and acceleration behavior based on driving situation awareness in the car-following process, and then presents several driving models for analysis of driver's safety approaching behavior in traffic operation. The emphasis of our work is placed on the research of driver's various information process and multi-ruled decisionmaking mechanism by considering the complicated control process of driving; the results will be able to provide a theoretical basis for intelligent driving shaping model.
Introduction
In real traffic operation, the stimulus to the response is the risk of collision perceived by the drivers based on their driving experiences. Since driver behavior has been playing an important role in traffic operations 1 , it is necessary to analyze driver behavior before modeling of intelligent driving shaping behaviour. As drivers encounter the car-following situation regularly, it was used to research driver's various information process and multi-ruled decision-making [2] [3] [4] . In the deceleration and acceleration situation, driver's car-following behavior can be described as the relationship between reaction time and deceleration and acceleration. The old models of car-following behavior have been slightly far away from the real traffic because of the assumption of driver's optimal performance. At present, with the fuzzy logic theory, the analysis of car-following behavior becomes mature 5, 6 . Therefore, car-following models are not only the main content in micro traffic simulation models but also the important basis of developing advanced in-vehicle information support systems, which is of great importance to traffic safety and road capacity. However, it's still difficult to exactly describe the driving cognitive in car-following model because the driving actions are of variable in everyday. Because of the high adaptability and complexity of driver's various information processing, driving situation awareness was presented in car-following process. The definition of driving situation awareness is the perception of the elements in the road environment within a volume of time and space, the comprehension of their meaning, and the projection of their status in the near future. It involves navigation knowledge, environment and interaction knowledge, spatial orientation knowledge and vehicle status knowledge in driver situation awareness 7 . As the driving situation awareness is complex, there is no normative model of driving behavior. But in special circumstances, it is more effective to set a driving behavior model in carfollowing. Therefore, in order to improve the carfollowing behavior model, it is important to incorporate variable intentional and unintentional sources in it. Because of the various information processing, drivers are under a lot pressure, as such it is necessary to develop driver assistance system to help drivers. Adaptive Cruise Control (ACC) is one of the highlighted example of driver assistance systems 8, 9 .
In various information processing stages such as perception, decision making and execution 2, 20 , drivers are easily to make mistakes because of the frequent operations about acceleration and deceleration which may cause accidents. However, ACC can reduce not only the rear-end collision but also driver's workload because of its automation of the longitudinal vehicle control. Therefore, ACC is designed for flowing traffic flow and adjusts the speed according to traffic conditions. On the other hand, it is difficult to describe the driver's multi-typed information process and multiruled decision-making mechanism by using analytical methods. Based on the fuzzy logic theory, drivers depend on the multi-typed information integrated with different weights. There will be multi-inputs and single output in driver's car-following behavior, as a result, it is difficult to describe driver's deceleration and acceleration behavior. The main objective of this paper is to discuss driver's various information process and multi-ruled decisionmaking mechanism in car following process, which is a fundamental of building intelligent driving model. This paper is structured as follows: the next section reviews driving behavior analysis in traffic operations. It is followed by the discussion of driver's acceleration and deceleration behavior in car following mode. Then it describes driving human factors which affects the acceleration and deceleration situation in section 4. In section 5, driving situation awareness is introduced in car-following process. In section 6, the application of ACC is discussed and the development of ACC is briefly mentioned. After that we describe various carfollowing models, and then present driver's various information process and multi-ruled decision-making mechanism. Finally, some concluding remarks and future works are summarized. When driving a vehicle in roadways, the driver will percept various information by eyes, ears, etc. Then the driver acquires sufficient information concerning the driving task to allow the consideration of an appropriate response. After analysed the information, the driver makes a decision about how to respond for a safety driving. Finally, the driver manoeuvres the vehicle into acceleration, deceleration, braking or swerving 10 . Furthermore, driver's behavior interacts with traffic operations. For example, when a driver makes mistakes in information processing, it may lead to accident or congestion in the traffic system. But if the traffic system is in the congestion conditions, the driver will decelerate to a lower speed to adapt to the situation. The relationships among the three components in traffic system are shown in Fig. 1 . There are two essential vehicle movements with longitudinal motion and lateral movement, when a car is running on the roadways. Correspondingly, drivers also have two main behaviors, lane-changing and approaching. In our research we just discuss the approaching behavior in car-following situation, which involves deceleration and acceleration situations.
Driver behavior analysis in traffic operations

Driver's deceleration and acceleration behavior
It is unbelievable to investigate the car-following models without considering driving human factors 3, 4 , where a driver controls the brake and accelerator in order to maintain an acceptable distance behind a leading vehicle in the same lane. Driving is considered to be a complex task requiring perception, comprehension and projection of states of the roadway environment, as well as decision making on courses of action and execution of driving behavior.
As shown in Fig. 2 12, 13 . The decision on whether or not to follow depends on a large number of factors including: the distance between cars A and B, the speeds of cars A and B, car A's preferred velocity, and the traffic flow characteristics in the area, and so on. Drivers encounter such situations regularly and make good decisions with little conscious thought.
The traffic situation in which the driver evolves plays a crucial role in determining the type of driver's following actions. Driving takes place in a wider context in which the driver constantly interacts with road environment and the vehicle. In actuality, a driver does not directly respond to the relative velocity between the vehicles, but rather to the amount of risk of rear end collision that he perceives from the spacing, the velocity, and the probability of a collision. Accordingly, the stimulus to the response in the car following situation is the risk of 
Driving human factors of influencing driver's deceleration and acceleration behavior
The drivers are subjected to many different traffic situations; the most frequent situation is the one where the drivers are forced to follow another vehicle in urban city. The car-following situation in urban traffic is characterized by the headway (time or distance between two consecutive vehicles) and the degree to which the following vehicle tracks the velocity changes of the leading vehicle. During this process, if the driver recognizes high risk, the driver would decelerate quickly; if the driver recognizes low risk, and then decelerate slowly. If the leading car decelerates, the following car driver would select a proper reaction time and deceleration rate to prevent rear end collision according to his/her driving experiences. Hence, all drivers have their own reaction area with respect to reaction time and deceleration rate, and they follow the leading vehicle to a proper distance considering their reaction area. Drivers in car-following process are not likely to resort to sudden accelerations or decelerations except in emergencies. Accordingly, the driver's carfollowing behavior in deceleration and acceleration situation can be expressed by the relationship between reaction time and deceleration and acceleration. Driving behavior is completely rational, drivers are perfectly able to perceive distance, speed and acceleration, so the drivers not only process the traffic information but also adjust and control the vehicle, and the effect of driving behavior on the traffic flow becomes the core of road traffic safety. Since car following models are able to describe the longitudinal speed-distance relationship between leading vehicle and following vehicle in the same lane, it can determine the acceleration (or deceleration) rate of the following vehicle in a given time interval based on the actions of the leading vehicle(s). Once the acceleration or deceleration rate of the following vehicle is determined, the motion equations are used to compute the speed and the position of the following vehicle for any given time interval. Although the models can describe the carfollowing behavior to a certain extent, the deficiency still exits, in particular, it is difficult to describe the driving cognitive behavior in car-following objectively and correctly. As a matter of fact, if drivers are limited to a single lane, there will be a vehicle in front of them and the physical properties of each are known, so the form of descriptive equation should capture the driver behavior observed. Drivers could drive well enough to accomplish their tasks in most cases, but sometimes they do not seek continual improvement in driving skill towards some normal optimal levels. Therefore, those assumptions for modeling driver car-following behavior have gone too far from the real cases, the main problem with a number of existing models is that they frame the question of driving behavior around the idea of optimal performance. However, fuzzy logic allows the introduction of a quantifiable degree of uncertainty into the modeled driving car-following process in order to reflect natural perception of real variables in traffic operation. This is accomplished by dividing the parameter space of real world variables, e.g. speed, headway, into a number of overlapping sets and associating each one with a particular term, e.g. "close", "very close" 5, 6 . At present car following models form one of the main processes in all microscopic traffic simulation modeling and ITS development, and some new progresses have been developed in driving behavior analysis and modeling for application into traffic safety and traffic flow. It is extremely difficult to exactly describe driver's carfollowing behavior from either engineering or psychological viewpoint because of the high adaptability and complexity of driver's perception, decision-making and execution stage 20 . Every specific factor that may affect the driver's car-following behavior has been deeply studied, among which the headway is regarded as the main weigh indices, the headway increases with driver's age and generally males adopted shorter headways than females 4 . Evans also found that the headways are short for drivers who do not wearing seat belts 4 . It is found that, in heavily congested conditions in which drivers are forced to respond closely to lead vehicles for extended periods, drivers may adopt uncomfortably short following distances to prevent vehicles in adjacent lanes from entering the gap immediately in front of their vehicle. As a result, driver's car-following behavior may be characterized by an increasing number of attention lapses, resulting in vehicle control errors (e.g. dangerously short headways) 3 .
Consequently, development of car-following model should also consider from understanding mechanisms of driver's controlling vehicle errors.
Driving situation awareness in car-following process
The competence to a task-specific understanding of the working situation is termed as situation awareness 15 . Situation awareness was first presented in connection with pilot performance in air-to-air combat and the ability of commercial airline pilots to fly in difficult air traffic condition 16, 17 . In general, driving like flying can be thought as a dynamic control system in which the input variables can change over task time. navigation knowledge, environment and interaction knowledge, spatial orientation knowledge and vehicle status knowledge. They suggested an integration of these forms of knowledge in a model of driver information processing to achieve accurate situation awareness in traffic operation (see Fig. 4 ). Using the principal ideas underlying the models of cognition adopted by Endsley 14 and considering the variations in traffic operations, driving situation awareness could be defined as the perception of the elements in the road environment within a volume of time and space (level 1 SA), the comprehension of their meaning (level 2 SA), and the projection of their status in the near future (level 3 SA).
From the viewpoint of the driver's car-following behavior with situation awareness, drivers are the most complicated core part of the traffic system, they have to perform the task of information processing, decisionmaking, vehicle adjusting and control almost at the same time. They firstly obtain traffic information from road environment and vehicle operating conditions, then feed all the correlative rules to their brain and make decisions instantly. However, it is the most requiring job for drives to be ready at any minute for the latent danger that might suddenly show up in the driver's visual field and will almost attract all attention at once. As a result, some advanced assistant systems have been designed to support drivers in maintaining some safety thresholds or ensuring compliance with some formal driving rules (e.g. maintaining safe time headways in car-following situations) 19 . Fig.4 . Driver situation awareness in traffic operation 17 Driving behavior has been becoming increasingly complex in urban traffic; it is very difficult to realistically measure the driver's approaching safety behavior because some advanced vehicles have been equipped with an ACC system 8, 9 . The headway is kept by adjusting the speed of the car to prevent exceeding a programmed headway of the system dependent on speed. In fact, the ACC can accelerate and/or decelerates the vehicle automatically to keep the target velocity and the headway distance set by driver (Fig. 5) . The ACC is a system that does not communicate with other vehicles or roadside systems. Therefore the ACC is applicable in mixed traffic flows: vehicles with and without the system can use the same road.
Analysis of Adaptive Cruise Control(ACC) strategies
Driver operates the ACC via a set of switches on the steering wheel. If a slower moving vehicle is detected, the ACC system will calculate its location, movement and relative speed, and slow the vehicle down and control the clearance, or time gap, between the ACC vehicle and the forward vehicle. If the system detects that the forward vehicle is no longer in the ACC vehicle's path, the ACC system will accelerate the vehicle back to its set cruise control speed. This operation allows the ACC based vehicle to autonomously slow down and speed up with traffic without intervention from the driver. However, when drivers drive vehicles to run on road, drivers set the ACC at higher speeds and at shorter headways compared to unsupported driving. Drivers have poor control over lane position with ACC compared to driving without. It was concluded that the ACC was used in a manner that may improve traffic flow and harmonization, but only if higher speeds and shorter headways do not increase the rate or severity of accidents. In the absence of a leading vehicle the ACC controls speed by keeping the actual speed of the vehicle equal to the reference speed as set by the driver. If a lead vehicle is detected the ACC automatically switches to headway control, which means keeping the actual preset default time headways.
The method by which the ACC based vehicle's speed is controlled is via engine throttle control and limited brake operation. During operation of ACC system, it will send a target speed to the engine control module and deceleration commands to the brake control module to maintain the set time gap between the vehicles. The ACC system is expected to reduce not only rear-end collision accidents caused by the driver's error in the processes of perception, decision making and execution stage, but also driving workload because of the reduction of the frequent operations about acceleration and deceleration. If a vehicle is detected in the lane ahead, the ACC system adjusts the speed of vehicle by slowing the engine or by gently applying the brakes, and then holds the appropriate constant distance. The driver can choose between three different settings for constant distance. If the vehicle ahead happens to brake suddenly, the driver has to apply the brakes. Because the radar beams are cone-shaped, and thus not very wide directly ahead of the car, the driver needs to be aware of other vehicles that pull out suddenly in front. Accordingly, the ACC system automates the longitudinal vehicle control partially to reduce driver's workload. Since ACC is designed to adjust the vehicle's speed according to traffic conditions, it means that nonmoving objects, such as vehicles in a traffic jam, are not picked up by the system. Therefore, the control rules of ACC system that are already implemented by many automobile manufacturers differ from each other. Especially the ACC system should be considered while study the car-following safety behavior in congested traffic, as a result, it is much necessary to develop carfollowing safety algorithm based on adaptive cruise control. Fig. 6 shows the technical function of ACC during the process of controlling vehicle, its system states are divided into ACC off state, stand by state and active state. Though ACC has an additional function of car following when the preceding vehicle is driven at a speed lower, one new importance enhancement is currently the car following capability at low speeds including stop-and-go capability.
Driver's various information process and multi-ruled decision-making mechanism
Because of the complexity of driving situation awareness, everyday driving involves a seemingly endless variety, it is not practical to set up a normative model of driving behavior 20, 21 . Instead it is more effective to model driving behavior in special circumstances with basic model describing driver's carfollowing behavior, where a driver controls the brake and accelerator in order to maintain an acceptable distance behind a lead vehicle in the same lane. When modeling driver's car-following behavior, it must be improved by incorporating these intentional and unintentional sources of variability. From the cybernetic viewpoint, a driver is an intelligent agent with a number of fuzzy regulations and adaptability, which lead to develop very complicated logicality and new strategies for new situations in driving 22 . Different from classical control process, there is quite multi-inputs and single output in driver's car following behavior. Drivers don't depend on the final execution on any of the inputs, but on the multi-typed information integrated with different weights. These weights are specified according to drivers and fluctuate with driver's attention that is influenced by the driving purpose, roadway shape, relative velocity, traffic volume, willingness to follow and driving time. Besides, these weights also fluctuate with the physical condition in car following and increase sharply for emergencies. That is, a driver is subconsciously sensitive to some emergencies, whose appearance will attract the driver's attention immediately after pre-treatment, and it will be given high priority and processed firstly due to its great urgency. This is the reason why the driver is very adaptive to emergent traffic situation. Driving is an extremely complicated control process, where driver performs various driving tasks for keeping vehicle safe based on all kinds of information which is captured mainly by eyes. Since the ever-increasing variety of driving situations, including changes in the driving task associated with the increasing number of different in-vehicle information support systems, the corresponding variety of skills and abilities of driver is required. During driver's car-following process, for instance, drivers take the relative velocity and the following distance as inputs for the central processing unit that makes predictions and gives out guidance for safety. However, in the real traffic conditions drivers make use of over two inputs. In the case of a vehicle approaching or departing from another vehicle, much traffic information can be perceived by drivers, including changes in the following distance, those on the visual angle subtended by the vehicle ahead, changes of the front vehicle's position on the back vehicle's windscreen, those on the visual angle subtended by the road, and those of the relative position between two cars. Drivers will choose some kind of information from urban traffic as input in car following depending not only on driver's cognitive status and attention distribution, but also more on the car following conditions (the headway and relative velocity). As the leading vehicle is still far from it, the driver may identify the distance ahead by the leading vehicle and make predictions according to the changes in the apparent size. While the leading vehicle is near to it, the driver may judge by the visual angle subtended by the road ahead. At high speed, drivers may concentrate much more to observe the leading vehicle's taillights through red flash warn the back driver to be ready to decelerate. While at low speed, driver may allocate more attention to capture changes in the visual angle subtended by the leading vehicle. Visual search in driving involves identifying highlighted traffic information in a constantly changing, moving scene. For example, regulatory signs occur in fairly predictable locations and contain some traffic information that is highly predictable. In contrast, changeable message signs may be located at less predictable location and may contain less predictable information (e. g. temporary speed limit, lane closed).
Car-following models based on driver behavior
Many car-following models, which all discussed the longitudinal movement of two successive vehicles in the microscopic traffic stream, have been developed based on different assumptions, such as the speed difference with the leader, the difference between the desired headways to the leader. Among these, maybe the GHR model dated from 1950s is nicely famous models, which formulated the relationship between the following vehicle's acceleration and the factors including the follower's speed, the relative spacing and speed of the successive vehicles. Then, other car-following models such as safety distance model, collision avoidance model, linear model, were established. But rarely there are models concerned about the driver factor which varies widely until the construction of psychophysical or action point model (AP). The action point model presented the concept that drivers would initially be able to tell they were approaching a leading vehicle, primarily due to changes in the apparent size of the vehicle, by perceiving relative velocity through changes on the visual angel subtended by the vehicle ahead. As a matter of fact, the action point model needs to further evolve due to its complication. In order to understand much more about driving shaping behavior related car-following process, many works have done for calibrating the existing models or establishing new models 18 . A more detailed model based on safety approaching behavior was developed with the parameterization of the equations in deceleration and acceleration algorithms by means of trying and testing with simulation as well as the empirical data and the numerical simulation of different driving situations for exploring the variation of spacing and speed with various driving time 21 . Furthermore, some published traffic data from instrumented vehicles were used to test the validity of the visual angle model assumptions; especially the ability of such models in representing the effect of heavy goods vehicles. By comparing the simulated following distances (clear spacing) with those from the data, visual angle models are found to be capable of replicating real traffic movements when both leading and following vehicles are "small cars" 23 . By using different car-following models to represent different driving styles, the heterogeneity in driver's car-following behavior was discussed, and the research results show that the considerable differences existed between the car-following behaviors of passenger car drivers and truck drivers who appeared to drive in general with a more constant speed and the desired time headways of passenger car drivers were smaller when following a truck than when following another passenger car 24 .
Concluding remarks and future works
In deceleration and acceleration situation, the relationship between driver's reaction time and approaching behaviour is the main element of driver's safety approaching behavior in traffic operation. Although various car following models have been developed for traffic safety and traffic flow, it is difficult to describe the driving cognitive behavior exactly. However, using modeling of driver's carfollowing behavior and analysis of driving situation awareness, all components of driver's safety approaching model will hopefully not only contribute to develop realistic driver assistance system but also reveal the essence of traffic flow characteristics at the microscopic level. The definition of driver's various information process and multi-ruled decision-making mechanism is proposed through the human factors analysis of driving behavior in car-following process. However, it should be thoroughly evaluated in a situation where appropriate car-following data can be acquired from field tests with an instrumented vehicle, driving simulator or video observation in the future research. As such the driver's various information process and multi-ruled decisionmaking mechanism should be analyzed further quantitatively; the results will anticipate becoming a fundamental for modeling of driving shaping behavior as to support intelligent driving and improve active safety of the vehicle.
